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TITLE: IRON ALLOY SHEET MATERIAL FOR VOICE COIL MOTOR MAGNETIC CIRCUIT 
YOKE AND YOKE FOR VOICE COIL MOTOR MAGNETIC CIRCUIT 

PUBN- February 21, 2 0 03 
DATE: 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the high magnetic flux density which 
constitutes the magnetic circuit for providing a magnetic circuit suitable for the voice coil 
motor in a magnetic recording medium, etc., the iron alloy plate for voice coil motor 
magnetic circuit yokes of high corrosion resistance, and the yoke for voice coil motor 
magnetic circuits. 
[0002] 

[Description of the Prior Art]The spindle motor which makes required number of 
rotations rotate the media which formed the magnetic recording film, and its media, the 
magnetic head which write the contents of record and the voice coil motor which drives 
it, a control device, etc. are arranged at a hard disk. The magnetic circuit of a voice coil 
motor comprises a permanent magnet made to generate magnetic flux and a yoke which 
connects them, and is used as an actuator for a head drive. In the magnetic circuit of CD 
and a DVD drive, the permanent magnet made to generate magnetic flux as an actuator 
which drives the lens for a pickup, and the yoke which connects it are used. In recent 
years, the further low cost is demanded also of the voice coil motor by intense price 
competition of the maker. 
[0003] 

In the parts used for these, it is pure and it is called for in the first place that there are no 
dusting characteristics. In order that **** generated in parts with a possibility of rusting 
easily, in iron part articles, such as a yoke, may serve as particle contamination and may 
pollute a hard disk, and the head and lens for a pickup, usually various kinds of 
corrosion-resistant surface treatments are used, carrying out. Each part is produced in a 
clean manufacturing process, and although it was inescapable to have become expensive 
in cost, in order to avoid the crash between a magnetic head and media, and 
contamination of a lens, severe air cleanliness class management is performed. 
[0004] 

As for the yoke material of the magnetic circuit which constitutes a voice coil motor, 
cheap common rolled plates, such as SPCC, SPCD, and SPCE, are used from the demand 
of low-cost-izing. Although these common rolled plates are pierced and it is the feature 
that processability, such as bending, is good and cheap, Since it is a common rolled plate, 
generating of rust cannot be controlled, but in order to solve the above-mentioned 
problem, the actual condition performs expensive unelectrolyzed nickel-P plating etc. 
after processing with a press machine etc., and is suppressing generating of rust. 
[0005] 

Thus, in order to have realized low cost-ization of the magnetic circuit, cheap materials, 
such as SPCC, were used, but since the corrosion resistance of a common rolled plate 
was not expectable, expensive corrosion-resistant metallic films, such as nickel plating, 



needed to be formed. Therefore, it was inescapable to have become expensive in cost. 
[0006] 

[Problem(s) to be Solved by the Invention]As spread previously, cold rolled steel plates, 
such as SPCC, are pierced, and templating, puncturing, bending and excelling in 
productivity, such as embossing, and since it is cheap, they are used most. However, 
since these steel materials did not have sufficient saturation magnetization or corrosion 
resistance, by the above-mentioned miniaturization and slimming down, they are difficult 
to avoid magnetic saturation in a partial VCM magnetic circuit, and were not fully able to 
lead magnetic flux from the permanent magnet which has high magnetic flux density to 
the magnetic circuit. The depth size of a yoke is also restricted by the restrictions from 
the whole device, and all magnetic flux of an aperiodic compass cannot be utilized 
effectively, but while being a magnetic circuit, it is saturated selectively or the leakage of 
magnetic flux occurs. 
[0007] 

It not only reduces the gap-magnetic-flux density of a magnetic circuit, but the leakage of 
such magnetic flux will have influence to a surrounding magnetic recording medium and 
control machinery. The amount of leakage flux from a VCM circuit has fixed regulation, 
and the amount of leakage flux of a product must be made below into this default value. 
[0008] 

In order to avoid particle contamination generating of rust etc., it was indispensable to 
have formed a surface treatment film and low-cost-izing was dramatically difficult. 
[0009] 

These amounts of leakage flux were lost, and all the characteristics of the high magnetic 
flux density which a permanent magnet has were utilized, and development of the 
magnetic material for yokes which can be manufactured cheaply was called for strongly. 
[0010] 

This invention was made in order to meet the above-mentioned request, and its magnetic 
flux density is high, And it excels in corrosion resistance, formation of a corrosion- 
resistant metallic film can be omitted, and it aims at providing the iron alloy plate for 
voice coil motor magnetic circuit yokes and the yoke for voice coil motor magnetic 
circuits which can be manufactured cheaply. 
[0011] 

[The means for solving a technical problem and an embodiment of the invention] In the 
plate for yokes whose magnetic-field- strength change inside 0.1-mm or more 5 mm or 
less and a board the board thickness used for a voice coil motor magnetic circuit is 0-10 
Hz in order that this invention may attain the above-mentioned purpose, This plate 
GO.OOOl to 0.02 % of the weight, Si:0.0001-5 % of the weight, Mn : 0.001 to 0.2 % of 
the weight, P:0.0001 to 0.05 % of the weight, S:0.0001 to 0.05 % of the weight, 
aluminum : 0.0001 to 5 % of the weight, 0:0.001 to 0.1 % of the weight, N:0.0001 to 
0.03 % of the weight, Co: 0-10 % of the weight, Cr : Contain 0 to 10% of the weight of 
each element, and as an alloying element further Ti, As being chosen out of Zr, Nb, Mo, 
V, nickel, W, Ta, and B, the alloy element more than a kind is contained 0.01 to 5% of 
the weight in total as it is few, In addition, it is an iron alloy in which the remainder 
consists of Fe(s) practically in addition to an inescapable impurity, In the saturation 
magnetic flux density, 1.7-tesla or more 2.3 teslas or less and the maximum relative 
permeability 22000 or less [ and / 1200 or more ]. The iron alloy plate for voice coil 



motor magnetic circuit yokes, wherein coercive force is 380 or less A/m of 20 or more 
A/m, and the yoke for voice coil motor magnetic circuits using this iron alloy plate are 
provided. In this case, since this yoke has the good corrosion resistance of the above- 
mentioned iron alloy plate, formation of the coat of the alloy which contains metal, such 
as a corrosion-resistant metallic film, for example, nickel, Cu, Sn, Au, Pt, Zn, Fe, Co, and 
aluminum, and these metal 20% of the weight or more on the surface like before is 
omissible. 
[0012] 

That is, a voice coil motor of high corrosion resistance can be manufactured by using the 
above-mentioned iron alloy plate, holding a high characteristic. Co which was able to 
refrain from the use especially since it was conventionally expensive is effective in 
improvement in saturation magnetization, Since high corrosion resistance is added and a 
surface treatment film is not needed by being able to lead efficiently magnetic flux 
generated from a highly efficient permanent magnet by high saturation magnetization of a 
plate to a magnetic circuit, and adding Cr, it is the feature that it can manufacture 
cheaply. It is preferred that carbide and/or an oxide which are chosen from Ti, Zr, Nb, 
Mo, V, nickel, W, and Ta which were added as an alloying element and which consist of 
an alloy element more than a kind at least distribute minutely, and deposit in a grain 
boundary of an alloy and/or a grain. 
[0013] 

Hereafter, lessons is taken from this invention and it explains in more detail. 
[0014] 

An iron alloy plate for voice coil motor magnetic circuit yokes of this invention, As 
mentioned above, specific amount content of C, Si, Mn, P, S, aluminum, O, and the N is 
carried out, and it consists of an iron alloy which Co and Cr also carry out specific 
amount content preferably, and carries out specific amount content of one sort of Ti, Zr, 
Nb, Mo, V, nickel, W, Ta, and B, or the two sorts or more. 
[0015] 

That is, this invention persons examine various materials so that they may attain the 
purpose mentioned above, as a result of investigating an element which raises corrosion 
resistance, if steel, such as SPCC, is heated in the air, a scale will be generated and 
oxidation will become early. As for this, FeO and Fe 3 0 4 grows by movement of Fe ++ with 
a metal insufficient n-type semiconductor, oxygen permeates through an oxide layer and 
Fe 2 0 3 advances oxidation of iron under an oxide layer in order to grow by movement of 
O with a p type semiconductor with superfluous metal. What is necessary is for an oxide 
layer to be precise in order to be unable to follow oxidation, and to stick well and just to 
give an operation which bars oxygen to an inside, without producing a crack etc. In order 
that aluminum, Cr, and Si may alloy metal which moreover makes a stable oxide that it is 
easier to oxidize than Fe, they oxidize more nearly selectively than Fe, build a thin 
precise tunic of aluminum 2 0 3 , Cr 2 0 3 , and Si0 2 , and bar advance of oxidation. In detail, 
aluminum and Cr generate a multiple oxide of FeO-aluminum 2 0 3 and FeO-Cr 2 0 3 , and Si 
generates a multiple oxide of 2 FeO-Si0 2 . A made oxide layer does not have oxidation 
resistance, when capacity is small and does not cover the surface thoroughly, when 
capacity is too large on the contrary, an oxide layer blisters, or it is divided and there is 
no oxidation resistance similarly. A wrap case has the completely best oxide layer with 



suitable precise capacity in the surface. 
[0016] 

An element which has on a fall of magnetic flux density from ingredients, such as SPCC 
material, was investigated. Since C, aluminum, Si, P, S, and Mn do not have the magnetic 
moment to iron or the magnetic moment differs from an iron parent, a phenomenon of 
reducing the magnetic moment of surrounding iron by existence of these elements 
happens. P and S have an adverse effect also in corrosion resistance in addition to a fall 
of magnetic flux density especially. However, it is satisfying to reduce these elements 
recklessly, even if it contains, if it is disadvantageous from a field of a manufacturing 
cost of a raw material, and it is within the limits of a small quantity also efficiently. 
[0017] 

From the above viewpoint, an iron alloy plate for voice coil motor magnetic circuit yokes 
of this invention, CrO.OOOl to 0.02 % of the weight, Si : 0.0001 to 5 % of the weight, Mn 
: 0.001 to 0.2 % of the weight, P:0.0001 to 0.05 % of the weight, S:0.0001 to 0.05 % of 
the weight, aluminum : 0.0001 to 5 % of the weight, The remainder considers it as the 
range of Fe, and more preferably C:0.0005 to 0.015 % of the weight, Especially 0.001 to 
0.01 % of the weight, Si:0.0005-5 % of the weight, Especially, 0.001 to 5 % of the 
weight, Mn : Especially 0.001 to 0.2% of the weight 0.01 to 0.2 % of the weight, 
P:0.0001 to 0.05 % of the weight especially 0.001 to 0.05 % of the weight, S:0.0001 to 
0.05 % of the weight especially 0.001 to 0.05 % of the weight, aluminum: It may be 
0.001 to 5 % of the weight especially 0.0005 to 5% of the weight. 
[0018] 

O and N influence magnetic properties similarly, and if it is preferred to consider it as 
0:0.001 to 0. 1 % of the weight and N:0.0001 to 0.03 % of the weight and it is this range, 
saturation magnetic flux density will not be degraded especially, more -- desirable -- 
0:0.005 to 0.09 % of the weight -- it is 0.0005 to 0.02 % of the weight especially 
N:0.0005 to 0.03% of the weight 0.005 to 0.08% of the weight. 
[0019] 

Co and Cr may be 0 to 10 % of the weight, respectively. It turns out that especially Fe-Cr 
alloy reduces the spontaneous magnetic moment almost linearly, and a lot of addition 
leads to a fall of magnetic flux. As for a thing of 10 to 80% of the weight of a 
presentation of this alloy, a physical property changes with annealing remarkably. For 
example, in annealing at 475 **, it is mechanically hard, and becomes weak, plastic- 
working ability, such as cutting and stamping, falls remarkably, and corrosion resistance 
also deteriorates with brittleness. A sigma phase deposits on a grain community heated at 
around 700 ** for a long time, and grain boundary-proof corrosiveness and mechanical 
strength fall to it. Therefore, the range of Cr is made into 10 or less % of the weight. 
Since the environment used differs with environment where salt damage environment, 
medicine, etc. exist between an iron alloy plate for voice coil motor magnetic circuit 
yokes of this invention, and a yoke for voice coil motor magnetic circuits when stainless 
steel is used, there may be few amounts of Cr(s). It is preferred more preferably to 
contain four to 10% of the weight from a corrosion-resistant point Cr:0.02-10% of the 
weight. 
[0020] 

On the other hand, since Co with more outer electrons than an iron atom increases 
magnetic flux density, in this invention, it is an important element. It can add a maximum 



of 10% of the weight, and the amount of Co(es) becomes making saturation magnetic 
flux density of an alloy increase, and disadvantageous from a point of cost, since intensity 
of an alloy becomes hard too much greatly more and strip processing is expensive metal 
difficultly or simultaneous. Therefore, as for especially the amount of Co(es), it is 
preferred to consider it as 4 to 10% of the weight of a range 0. 1 to 10% of the weight. It 
becomes possible to reveal magnetic flux density which is not inferior to materials, such 
as the conventional SPCC, by making Co of a part corresponding to addition of an 
element to which magnetic flux density is reduced add. 
[0021] 

When [ whose an element more than a kind dissolved in a ferrite phase in material ] 
chosen out of Ti added as an alloying element, Zr, Nb, Mo, Cr, V, nickel, W, and Ta, it 
causes a fall of magnetic flux density, but it. [ at least ] An intermetallic compound is 
generated between C, O, and N which are mixed impossibly, and carbide, an oxide, and a 
nitride are made. As a result, these sludges can deposit uniformly minutely in alloy 
structure, and can check movement of transition under plastic working. For this reason, 
the superfluous ductility of an alloy becomes small and barricade generating of a shear 
side can be suppressed at the time of die cutting of a plate. Even if it quenches a thing 
containing an element which fixes these [ C, O, and N ] from annealing temperature, 
sensitization is not carried out, grain boundary-proof corrosiveness is good, and big and 
rough-ization of a crystal grain does not take place easily, either. 
[0022] 

Mo, V, and nickel are effective in raising the corrosion resistance of an iron alloy plate so 
that an example of stainless steel etc. may see. In the case of low carbon, it embrittles 
remarkably by 440-540 ** annealing, and although secondary hardening arises, it 
anneals, and brittleness is based on carbide with Cr, and resistance-to-temper-softening 
nature is improved from a carbon trap by addition of these elements. W, Ta, and B are 
effective in raising the strip-processing nature of a plate, and can contribute to reduction 
of a conversion cost. However, since each of these elements decreases saturation 
magnetization, it is not preferred to add exceeding 5 % of the weight also in total. 
Therefore, these alloying elements are added at 0.01 to 5% of the weight of a rate. 
[0023] 

Although Fe is the remainder, it is preferred among an iron alloy to contain especially 

75% of the weight or more 50% of the weight or more. 

[0024] 

In this invention, it is the feature that saturation magnetic flux density shall be 1.7-2.3 
teslas, if the maximum relative permeability is small or coercive force is too large even if 
saturation magnetic flux density is high, magnetic resistance of a magnetic circuit will 
increase and gap-magnetic-flux density will become low. For this reason, the maximum 
relative permeability considers it as or more 1200 22000 or less range, and let coercive 
force be the 20 or more A/m range of 380 or less A/m. More preferably, 1.8-2.3 teslas of 
especially saturation magnetic flux densities are 2.0-2.3 teslas, the maximum relative 
permeability is 1500-22000, especially 2000-22000, and especially coercive force is 20 - 
300 A/m 20 to 350 A/m. 
[0025] 

If hardness of yoke material becomes large, since power required for processing of die 
cutting, bending, etc. becomes large, capability of a pressing machine etc. may be 



insufficient, Since a burden placed on a metallic mold becomes large and a life of a 
metallic mold falls, it is good for 90 or less HRB to make hardness (Rockwell) or less 
into 85 preferably. 
[0026] 

Although an alloy content is adjusted to the target range by raw material material or a 
steelmaking method, from on productivity and quality, a continuous casting process is 
preferred and a vacuum melting process etc. are suitable for small lot production. After 
casting, in order to consider it as steel materials of predetermined board thickness, hot- 
rolling, cold rolling, etc. are earned out. Thus, in a mechanical press, a hydraulic press or 
a fine blanking press, etc., pierce an obtained iron alloy plate and by plastic working, 
such as templating, puncturing, bending, and embossing. Processing treatment is carried 
out to predetermined yoke shape, and De-burring, camfering, mechanical polishing, 
chemical polishing, Board thickness used for a voice coil motor can manufacture after 
electrolytic polishing etc. as 0.1-mm or more yoke material 0-10 Hz of whose magnetic- 
field- strength change inside 0.5-4.5 mm and a board is 0-5 Hz preferably 5 mm or less. 
[0027] 

When board thickness of yoke material is less than 0. 1 mm, it is too thin, and even if it 
raises some saturation magnetization of a plate, when a characteristic improved effect of 
a magnetic circuit is seldom seen and exceeds 5 mm, since it is thick reverse enough, 
even if not based on this invention, a problem with which a magnetic circuit is saturated 
is not produced. Since an eddy current proportional to a square of frequency occurs, yoke 
material is heated and oxidation is accelerated when change of magnetic field strength 
inside a yoke material board exceeds 10 Hz, sufficient corrosion resistance cannot be 
acquired. 
[0028] 

Here, an explosive combustion type, barrel finishing, etc. are used for de-burring 
generated in yoke material. Buffing, chemical polishing, and electrolytic polishing which 
are mechanical polishing are adopted as finishing. A Beilby layer of an aggregate of a 
submicron particle especially with the formless surface which performed mechanical 
polishing, since a damaged layer of about several microns or less which consists of a field 
of plastic deformation which a metallic crystal transformed by a crushing crystal by 
which minuteness making was carried out, and processing exists, a damaged layer 
remains only by mirror surface finish by buffing and predetermined performance is not 
obtained — chemical polishing — electrolytic polishing is preferably needed. A damaged 
layer is thoroughly removable, in order to give priority to a surface projection, and to 
dissolve and for electrolytic polishing to dissolve over the whole. It is the optimal 
processing for reducing a particles generation which a smooth field is acquired by this 
and destroys recorded information. In an electropolishing solution, perchloric acid, 
sulfuric acid, chloride, nitric acid, acetic acid, phosphoric acid, tartaric acid, Alcohols, 
such as ethanol and propanol, butyl cellosolve, glycerin, pure water, etc. are suitably 
prepared to citrate, sodium hydroxide, sodium acetate, sodium rhodanide, urea, a cobalt 
nitrate, the second iron of nitric acid, etc. 
[0029] 

Since the corrosion resistance is excellent, the yoke for voice coil motor magnetic circuits 
created at the above process does not need to coat the yoke surface with a corrosion- 
resistant coat. Conversely, it is not preferred from causing a cost hike of a yoke to carry 



out the coat of the corrosion-resistant coat which becomes this yoke from metal or 
various alloys by various methods, such as electroplating, electroless deposition, and ion 
plating. In an iron alloy of this invention, on the surface of this plate alloy, namely, 
nickel, Cu, A cost hike of a product can be prevented by not making a coat of metal, such 
as Sn, Au, Pt, Zn, Fe, Co, and aluminum, or an alloy film of these metal which contains 
metal more than a kind 20% of the weight or more at least exist. 
[0030] 

[Example] Although an example and a comparative example are shown and this invention 
is explained concretely hereafter, this invention is not restricted to the following example. 
[0031] 

[Examples 1-14] The dissolution and continuous casting acted as a steel-alloys lump of 
component composition which shows Examples 1-8 shown in Table 1, and 200 mm in 
width, 500 mm in length, and the alloy mass of 50 mm of board thickness were obtained. 
[0032] 

The alloy mass was heated at 1200 ** by atmospheric air, hot-rolling was started, it was 
considered as the cumulative draft of 60% below 950 **, and hot-rolling was ended at 
850 **. Air cooling of after the end of hot-rolling was carried out to the room 
temperature. Then, after cold-rolling, finish annealing and pickling were carried out at 
900 **, and it was considered as the 1-mm-thick steel plate. 
[0033] 

Stamping of the obtained steel plate was carried out to yoke shape with the mechanical 
dieing-out-press machine, and the yoke material of two sorts of up-and-down yokes was 
obtained. 
[0034] 

Barrel camfering and electrolytic polishing were performed to the obtained yoke. Inside 
these up-and-down yoke, the permanent magnet of maximum energy product 400 kJ/m 3 
was pasted up on the middle position of the yoke, and the magnetic circuit was produced. 
[0035] 

The produced yoke material was cut to about 4 mm squares, and saturation magnetic flux 
density was measured with the vibrating sample magnetometer of maximum magnetic 
field 1.9 MA/m. 
[0036] 

A ring sample the outer diameter of 45 mm and 33 mm in inside diameter is produced 
from the remaining plates pierced to yoke shape, Based on the method indicated to JIS C 
2531 (1999), the above-mentioned ring sample, After rolling a two-sheet pile and 
insulating tape on both sides of paper in between, the copper wire of 50 every turns 0.26 
mmphi was coiled as the coil for magnetization, and a coil for magnetization detection, 
respectively, the magnetic hysteresis loop was drawn with the direct-current- 
magnetization characteristic automatic observer of maximum magnetic field** 1.6 kA/m, 
and the maximum relative permeability and coercive force were measured. 
[0037] 

In order to investigate the performance of the produced magnetic circuit for voice coil 
motors, the amount of total magnetic flux between the magnetic-circuit gap was 
measured using the flux meter (product made from Lakeshore 480Fluxmeter) using the 
plane coil currently used for the actual magnetic recording medium. Based on JIS Z 2245, 



it measured also about hardness. 
[0038] 

In order to evaluate corrosion resistance, under the environment of the temperature of 80 
**, and 90% of relative humidity, it examined for 200 hours, and those without rusting 
were made into O, discoloration was made into x, and O and those with rusting were 
judged. 
[0039] 

[Comparative examples 1-6] Magnetic properties were measured like Example 1 about 
the steel plate with a thickness of 1 mm which obtained the steel-alloys lump of 
component composition which shows the comparative examples 2-6 shown with a 
common commercial SPCC-SD article and the material (comparative example 1) of 1 
mm of board thickness in Table 2 as a comparative example like Example 1. 
[0040] 

A result is shown in Table 1. In Table 1, opposite SPCC shows the rate of change over 
the magnetic flux amount of the comparative example 1 . 
[0041] 
[Table 1] 
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[0042] 



[Examples 15-30] The dissolution and casting of the steel ingot of the component 
composition of Examples 15-30 similarly shown in Table 2 were done through electric 
furnace and converter-degasifying and a continuous casting process, and 200-mm-fhick 
slab was obtained. Molten iron was refined by RH degasifying and a VOD process (the 
vacuum-oxygen decarbonizing method). 
[0043] 

As for the slab of the obtained 200-mm board thickness, heating and soak were 1 100- 
1200 **, and it rolled with the hot rolling mill, and was considered as about 10 mm of 
board thickness by 850-950 ** of finishing temperature. It was considered as about 4-mm 
board thickness with pickling and cold rolling after recrystallizing annealing (850-900 
**). After [ finish annealing ] pickling was carried out at about 850 ** after that, and the 
steel plate for a sample offering was obtained. 
[0044] 

Stamping of the obtained steel plate was carried out to yoke shape with the mechanical 
dieing-out-press machine, and two sorts of up-and-down yokes were obtained. The 
obtained yoke performed explosive combustion type de-burring and chemical polishing. 
[0045] 

Inside these up-and-down yoke, the permanent magnet of maximum energy product 400 
kJ/m 3 was pasted up on the middle position of the yoke, and the magnetic circuit was 
produced. 
[0046] 

The magnetic properties of the produced yoke plate were measured like the above. 
[0047] 

The above experimental result is shown in Table 2. 
[0048] 

Opposite SPCC in Table 2 also expresses each rate of increase to the magnetic flux 
amount of the comparative example 1 with %. 
[0049] 
[Table 2] 
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[0050] 

As for the steel plate of a presentation of an example, each is understood that as for 
relative permeability a rise and coercive force decrease and inferiority does not have the 
amount of total magnetic flux in a magnetic-circuit gap to SPCC, either from Tables 1 
and 2 to a comparative example. There is no clear rusting and it turns out that there is no 
particle contamination. 
[0051] 

[Effect of the Invention] As stated above, this invention by raising the magnetic properties 
of with a thickness of 0.5 to 5 mm used as magnetic-circuit member for magnetic- 
recording-medium voice coil motors yoke material, and corrosion resistance, The 
magnetic flux density between gaps is maintained using effectively the magnetic flux 
supplied to the magnetic circuit to constitute from a magnet, the corrosion resistance of a 
base material is raised, and offer of a cheap magnetic circuit which does not need 
formation of a corrosion-resistant metallic film for finishing after de-burring and 
camfering chemical polishing and only by carrying out electrolytic polishing is attained. 



